Four isolates of Staphylococcus aureus and 98 isolates of coagulase-negative staphylococci representing six species all obtained from endocervical cultures were examined for antimicrobial susceptibility and for the presence of plasmids. More than 80% of the isolates were susceptible to each of 12 antimicrobial agents tested, whereas only 33% were susceptible to penicillin G, 30% were susceptible to cadmium chloride, and 41% were susceptible to tetracycline. Although no species-related susceptibility or plasmid patterns were detected, 77 isolates contained at least one plasmid and 43 contained a plasmid similar in mass to a 2.7-megadalton tetracycline resistance plasmid previously reported in staphylococci. Association of tetracycline resistance with plasmids of this size in four species was determined from curing experiments. No plasmids homologous with the tetracycline resistance locus of the Escherichia coli plasmid pBR322 were found among 11 isolates examined by DNA hybridization. Homology with a 2.7-megadalton plasmid (pRC701) from an endocervical isolate of S. aureus, however, was apparent for 2.7-megadalton plasmids harbored by six isolates as well as with larger plasmids harbored by three isolates. Restriction analysis revealed that pRC701 shared structural identity with two plasmids of a similar mass from two species of coagulase-negative staphylococci as well as with a previously characterized tetracycline resistance plasmid originating in S. aureus.
The staphylococci are a diverse bacterial group of established and emergent pathogens (4, 14, 16) . Clinical laboratories must have the ability to identify and type strains of Staphylococcus aureus and coagulase-negative staphylococci quickly and reliably. The API Staph-Ident system (Analytab Products, Plainview, N.Y.) enables identification of 13 staphylococcal species reported in humans to be made (4) . DNA hybridization techniques offer additional insight into molecular relationships (for example, the sharing of antimicrobial resistance plasmids) among staphylococci.
Perhaps the earliest evidence of a resistance plasmid shared between staphylococcal species was found in 1973 when Minshew and Rosenblum showed that a tetracycline resistance (Tcr) plasmid harbored by Staphylococcus epidermidis was similar in mass (2.66 megadaltons [Mdall) to a plasmid found in S. aureus (11) . This finding was expanded in 1979 by Groves, who used restriction analysis to demonstrate structural similarity between Tcr plasmids possessed by these two species. He further demonstrated Tcr plasmid homology within groups of clinical isolates of S. aureus and S. epidermidis by probing blotted DNA with a radiolabeled Tcr plasmid, pT167, originating in S. aureus (5) .
In the present study, staphylococci obtained from human endocervices were characterized by physiological and susceptibility testing and examined for plasmids, particularly those mediating tetracycline resistance. Evidence is provided that Tcr plasmids are conserved or spread among species of coagulase-negative staphylococci in addition to S. epidermidis.
MATERIALS AND METHODS Physiological testing. Endocervical cultures were collected fromn 80 women who were outpatients at the DeKalb County Venereal Disease Clinic, Decatur, Ga. The cultures were * Corresponding author taken with a speculum to avoid touching adjacent sites. Primary isolation media included mannitol-salt agar (M-S), Columbia blood agar containing colistin and nalidixic acid (CNA), Thayer-Martin medium (TM), and TM in which vancomycin was replaced with 2.0 ,ug of lincomycin per ml (TML). Identification of staphylococci was a component of an ongoing evaluation of media currently recommended for use in the primary isolation of gonococci. Organisms other than staphylococci, including gonococci, were identified and will be discussed (J. W. Biddle, manuscript in preparation).
The staphylococci were identified by Gram stain; colonial morphology; production of pigment, hemolysin, catalase, coagulase, and phosphatase; anaerobic glucose and mannitol fermentations; aerobic utilization of carbohydrates including trehalose, mannitol, xylose, arabinose, maltose, and sucrose; lysostaphin and novobiocin susceptibility; and the tests included in the Staph-Ident test strip. Escherichia coli HB101(pBR322) was supplied by S. Johnson, Centers for Disease Control, Atlanta, Ga.
Susceptibility testing. Antimicrobial susceptibility was determined by both broth microdilution and disk diffusion with standard procedures established by the National Committee for Clinical Laboratory Standards (12, 13) . The drugs tested were penicillin G, cephalothin, methicillin, vancomycin, clindamycin, erythromycin, lincomycin, chloramphenicol, tetracycline, gentamicin, kanamycin, sulfamethoxazole-trimethoprim, and rifampin. Susceptibility to mercuric chloride and cadmium chloride was determined with twofold serial dilutions of CdCI2 or HgCl2 in Mueller-Hinton broth and by the subsequent inability of the organisms to grow in the presence of 100 ,umol or more of the respective salts.
The production of beta-lactamase was qualitatively assayed in microdilution plates by using the . After the solution was mixed by gentle inversions, incubation was continued for 15 to 30 min at ambient temperature. Cellular debris was pelleted by centrifugation for 30 min at 56,000 x g and 4°C. Polyethylene glycol was added to the supernatant to yield a final concentration of 10%, and the lysates were maintained overnight at 0°C. After being centrifuged for 15 min at 12,000 x g and 4°C, the pellets were suspended in 3 ml of TES (0.03 M Trizma, 0.0065 M EDTA, 0.05 M NaCl [pH 8]) containing 50 ,ul of 20% sodium dodecyl sulfate. Resuspension usually required gentle shaking for approximately 1 h. RNase (3 mg/ml, heated to 80 to 90°C for 15 min) was added to yield a final concentration of 200 ,ug/ml, and incubation was continued for 1.5 h at 37°C. After extraction with TES-saturated phenol and ethanol precipitation, the lysates were subjected to cesium chloride-ethidium bromide isopycnic gradients. Plasmid DNA was harvested as previously described, with the following modifications (6) . Cleared lysates were dispensed into 5.1-ml polyallomer (Quick Seal; Beckman Instruments, Inc., Palo Alto, Calif.) tubes which, after sealing, were centrifuged for 18 h at 289,000 x g and 20°C in a V Ti65 rotor. After the removal of ethidium bromide, 4 volumes of distilled water were added, and the plasmids were harvested after ethanol precipitation. Isopycnic gradients were repeated if plasmid DNA was contaminated with chromosomal material.
Restriction digests. Restriction endonucleases, bovine serum albumin (nuclease free), and phage lambda DNA were supplied by Bethesda Research Laboratories, Inc., Gaithersburg, Md., and stored at the temperatures recommended by the manufacturer. Restriction digests were prepared from the stock solutions recommended by the manufacturer and yielded a final volume of 30 [lI.
Restriction endonucleases with stock concentrations of >10 U/,u were diluted threefold in prescribed reaction buffers and added to yield a final activity of 1 to 2 U per pug of DNA. Incubations took place at 37°C with gentle agitation for 3 to 4 h, after which the reactions were interrupted by incubation for 15 min at 65°C; 0.25 volumes of stop solution (7% sodium dodecyl sulfate, 0.07% bromphenol blue, 50% glycerol) was then added.
Sequential digestions were performed by first using the endonuclease requiring the lower salt and Trizma concentrations in a volume of 30 ,ul. The digest preparation was incubated, heat inactivated, and then adjusted to the parameters required for the second enzyme with an accompanying increase in volume to 40 p.l.
Preparation of probes. A restriction fragment bearing the tetracycline resistance locus (1.4 kilobases) of the E. coli chimeric plasmid pBR322 was electroeluted after horizontal electrophoresis of a sequential digestion with restriction endonucleases HindIII and AvaI (7). The electroeluted fragment was extracted with phenol-chloroform (1:1) and then with chloroform-isoamyl alcohol (24:1), harvested by ethanol precipitation, and resuspended in TES. The second probe was the intact tetracycline resistance plasmid (2.7 Mdal) from S. aureus 701, harvested from an isopycnic gradient as described above (Fig. 1, lane K) . This plasmid, tentatively designated pRC701, and the 1.4-kilobase HindIII-Aval fragment of pBR322 were quantitated spectrophotometrically and 32P-labeled by using a nick-translation kit (Bethesda Research Laboratories).
DNA blotting. DNAs contained in agarose gels were transferred to, and immobilized on, nitrocellulose paper by the Southern method (8, 17) and combined with probes adjusted to an activity of 2 x 106 cpm. Hybridization conditions and autoradiography were as previously described (8, 9) . amphenicol, gentamicin, rifampin, sulfamethoxazole-trimethoprim, and HgCl2, 87% or more were susceptible to methicillin, clindamycin, lincomycin, and kanamycin, and 82% were susceptible to erythromycin. However, only 41% were susceptible to tetracycline, 33% were susceptible to penicillin G, and 30% were susceptible to cadmium chloride. Beta-lactamase was produced by all penicillin-resistant isolates and by three that would have been defined as penicillin susceptible on the basis of the MICs.
Plasmid screening revealed that 76% of the isolates harbored nonchromosomal DNA forms of between 1 and 100 Mdal and that no plasmids of specific sizes were inherent to any one species ( Table 2) . Plasmids of approximately 2.7 Mdal were seen among 43 of 60 isolates resistant to at least 8 ,ug of tetracycline per ml (Table 3) . Only 1 of 42 susceptible strains harbored a plasmid of this mass. Association of the 2.7-Mdal plasmid with tetracycline resistance was established by elimination of plasmids of this size with concomitant loss of the resistance phenotype after treatment with ethidium bromide. Four isolates, each resistant to 64 ,ug of tetracycline per ml, were chosen for these experiments: S. aureus 701, S. epidermidis 757, S. haemolyticus 802, and S. hominis 702. For each of the four parent strains, curing of the 2.7-Mdal plasmid with a concomitant decrease in tetracycline susceptibility to an MIC of sl p.g/ml occurred at a frequency of 5 to 15%. (Fig. 1) .
The tetracycline resistance locus of plasmid pBR322 hybridized only to the intact plasmid, pBR322, and to none of the staphylococcal plasmids or chromosomal fragments. These results were not altered when hybridization stringency was lowered by decreasing the incubation temperature to 60'C, or when the time of autoradiography was increased from 24 h to 1 week. Similarly, pRC7O1 failed to hybridize to pBR322 (Fig. 2, (Fig. 3, lane G 
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Antimicrobial susceptibility testing may serve as an epidemiological tool for a given collection of staphylococci. However, reproducible patterns of susceptibility to many antimicrobial agents are difficult to recognize from one collection of isolates to another. Some of these discrepancies may be due to techniques and interpretation of data, but interspecies transfer of anitmicrobial resistance undoubtedly contributes to the divergence in resistance patterns of various bacterial populations. The influence of antimicrobial therapy on the development of antimicrobial resistance, especially in hospital settings, in conjunction with the pervasiveness of plasmids throughout the genus, makes the use of antibiograms as markers for staphylococci more difficult. Contrary to previous findings that S. epidermidis is resistant to a wider spectrum of antimicrobial agents, we found no striking differences in susceptibility patterns at the species level in this group of bacteria (14) .
Likewise, no species-inherent plasmid of any one mass was found to be pervasive among isolates of any of the represented species. Given that at least some form of extrachromosomal DNA was present among 75% of the isolates, this technique, especially when used in conjunction with the Staph-Ident or another system, may offer a reliable means of typing coagulase-negative staphylococci under epidemiological investigation.
The pervasiveness of tetracycline resistance among S. aureus and species of coagulase-negative staphylococci further detracts from the usefulness of this antibiotic in treating staphylococcal infections. This same pervasiveness, however, offers a valuable approach to understanding the nature of tetracycline resistance and its horizontal or evolutionary movement among species. This type of cohabitation by more than one species in a human site may facilitate interspecific exchange of resistance factors that are especially important in the acquisition of antimicrobial resistance by nosocomial S. aureus strains.
Nucleotide sequence homology was established for Tcr plasmids harbored by four species of staphylococci inhabiting human endocervices, and this conservation may later be found to extend to additional species. The structural identity shared by Tcr plasmids from strains 701, 757, and 702 with pT167, divergent from the endocervical group in both time and location, suggests that the occurrence of this plasmid within the endocervical group is not an isolated phenomenon.
Hybridization of pRC701 to larger plasmids harbored by two isolates of S. epidermidis and S. haemolyticus may suggest that Tcr plasmids among coagulase-negative staphylococci are not restricted to a mass of 2.7 Mdal. Further studies are needed to determine whether tetracycline resistance determinants are responsible for homology with these larger plasmids. The failure of this probe to hybridize either to chromosomal fragments or to plasmids of two isolates further presents the possibility that one or more alternative forms of the tetracycline-resistance locus may exist among the staphylococci. At least four unrelated tetracycline resistance determinants have been demonstrated among coliforms, and none of these have been shown to bear homology with those in pneumococci or other groups of streptococci (10) . Heterogeneity between the tetracycline resistance locus of the E. coli chimeric plasmid pBR322 and all of the staphylococci tested provides additional evidence for the existence of intergeneric genetic barriers between gram-positive and gram-negative bacterial groups.
